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FORF.WÖRD 

The work reported here was begun in support of the assigned 

mission of the Terminal Ballistics Laboratory (TBL).  The work was 

slanted toward a study for the Office of Civil Defense (OCD Work Unit 

1123 C) which was being conducted at the  same time and which could 

derive direct benefit. 
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AIR SHOCK FILLING OF MODEL ROOMS 

ABSTRACT 

The results  of model  room and chamber filling are given  for two- 

and three-dimensional models exposed to shock waves 5-20 psi over- 

pressure produced in the 4  x  15  in.   and 24  in.   shock tubes.     Additional 

results  are given for a field experiment in which a 3 ft  cubic room 

was exposed to a 5 psi overpressure blast wave  from the explosion of 

100 tons of TNT.    The results  are presented on pressure-time  filling 

records  and on high speed photographs.     A smoke  grid technique was 

used to illustrate the shock filling process. 
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I. INTRODUCTION 

The experiments reported in this memorandum report v:ere designed to 

determine the important parameters of the blast wave fill in" process of 

rooms. To further the understanding of the filling process, two- and 

three-dimensional model rooms were constructed and tested in the shock 

tubes at the Ballistic Research Laboratories (RRL) Shock Tube Facility, 

through a shock overpressure range of 5 to 20 psi.  As a check of the 

model scaling, a 7>  ft cube model was exposed to filling from the blast 

wave produced by the explosion of a 100 ton of TNT during Shot 6 of the 

Canadian Distant Plain Series in July 1967. 

Filling of the two-dimensional models was recorded by high speed 

framing cameras and by piezoelectric pressure transducers.  In all the 

three-dimensional models, pressure transducers only recorded the filling 

as a function of time.  The results of the high speed photography are 

shown in Appendix A and the pressure time records in Appendices B and C. 

Appendix D contains the results of the machine calculations for the 

motion of the smoke grids in the disturbed flow field within the two- 

dimensional models.  Tables and flow vectors are given in this 

appendix. 

Comparison of plots of the filling data are given in the Result 

Section illustrating the filling of the model as a function of orientation 

to the shock wave, type and number of entrances, and size and number of 

rooms. 

The analysis of the experimental data and computer predictions for 
* 

several typical models will be published separately as Reference 1. 

II. EXPERIMENTS 

Three types of models were used for the present experiments: 

(a) three-dimensional models exposed to shock waves produced in the 

24 in. shock tube, (b)  two-dimensional models placed in the optical 

References are  listed on page 63. 
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test section of the 4 x 15 in. shock tube, and (c)  a field model 

exposed to the blast wave produced by a large explosion of TNT.  Table I 

summarizes the models and the conditions of the test. 

A.  Three-Dimensional Models 

A series of three-dimensional models were designed and tested in the 

24 in. shock tube to determine the comparative importance of filling 

parameters such as orientation to the shock wave, type and number of 

entrances, size and number of rooms, and strength of shock wave applied 

to the model. 

Models I-IV were filled by the shock wave while attached to the 

outside of the test section.  Both side-on and stagnation filling were 

used with entrance diameters of 1/2 in. and 2 in., interior volume to 

entrance area ratio of 435 ft and 27.2 ft. The remaining three- 

dimensional models, V-XIII, were placed inside the shock tube test 

section.  Figures 1-6 show representative models given in Table I. 

Figure 7 shows typical undisturbed pressure-time records from the 

24 in. shock tube test section without a model in the test section. 

Examples are shown for side-on overpressure (upper trace) and stagnation 

overpressure as measured by a pitot tube gage (bottom trace) at the 5, 

10 and 20 psi test range. These are representative of the input pres- 

sures applied to the models. 

B. Two-Dimensional Models 

In order to observe the dependence of shock waves expansion and 

associated flow into a model as a function of entrance width, the two- 

dimensional model shown in Figure 8 was built.  Figure 8-A shows the 

basic full reflection model, 8-B, a variable smoke grid which acted as 

a flow indicator, and 8-C shows the pressure transducer array used co 

monitor pressure as a function of time. 

A complete description of the smoke grid technique may be found in 

Reference 2.  Briefly, cigarette smoke is pulled tin.cu-n the model in 

vertical and crossing horizontal directions (streams do not touch) by 

means of a vacuum pump. The streams and shock wave are photographed with 

a Dynafax Model 326-3 high speed framing camera after the shock wave has 

16 
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V/V\ ■•■- 2.1. Z FT 

_SHOCK_ 
'DIRECTION" 

l\ 
r-, --. IS 

/ 

GAGE POSITIONS- 

?.0"X20"TESTSECTiO:; 

a DiA. 

Q " 
"O r") 

T fv' 

O   I/O -*— 

MODEL H 

DIA. 

(A) SIDE-ON ENTRANCE MODEL OUTSIDE DETEST SECTION 

V/A = 27.4 FT. 

<ij>~GAGE POSITION 

ENTRANCE-.5" X.65" 

MODEL 3H 

(B)  FRONT  ENTRANCE 

Figure 1.    Positions of models for comparing entrance orientations 
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VMC274 FT. 
CI>-GAGE POSITION 

ENTRANCE-.3" X.65" 

(C)   SIDE   ENTRANCE 

V/A = 27.4 FT. 
(2D-GAGE POSITION 

ENTRANCE- .3"X.65" 

(D) REAR  ENTi:/.^Ci: 

Figure  1.    Positions of models for comparing entrance orientations  (Continuec 
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EACH ROOM, V/>27.4 FT. 

MODEL ^H 

ENTRANCES .O'X.65" 

(A)   FRONT ENTRANCE 

EACHRCOM, V/A = 274FT. 

ENTRANCES .3 X.65 
(B)  SIDE ENTRANCE 

EACH ROOM, V/A=27.4 FT. 

S#^°* 
ENTRANCES .3  X.65 

(C) REAR ENTRANCE 

Figure 3.    Two-room model  used in fill-time test 
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n-GAGE POSITIONS 

(D)   ENTRANCES NOT IN LIME 

\ -P;/1 r- r,'T SINGLE ROOM, V/\s54.0 

ENTRANCE   .3" X.65" 

(E)   PARTITION REMOVED 

Figure 3.    Two-room model  used in fill-time test (Continued) 



V/A«274 FT. 
O-GAGE POSITION 

MODEL XI 

ENTRANCE-.3" X.325" 

(A)  DOUBLE   ENTRANCE 

V/A* 274 FT. 

«D-GÄGE POSITION 

ENTRANCE-.3" X.325" 

(B) FRONT AND REAR ENTRANCE 

Figure 4.    Models with two entrances 
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DIRECTION 

MODEL   4,!X4l!X4" 

MODEL TIE 

(A)   BASIC MODEL FOR TWO-DIMENSIONAL EXPERIMENTS 

TO VACUUM PUMP- TO SKOKE GSNSnATOR 
n       n n n 

SHOCK. 
DIRECTION 

111 

(B)   SMOKE GRID GENERATOR 

• • • • 
• • • • 

SHOCK 
DIRECTION 

(C)    PRESSURE   TRANSDUCER  POSITIONS 

Figure 8.    Two-dimensional model used with the smoke streams 
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ID)    <-"AIö" SS-JOCH TUCH   GAGE  POS!TiONS-KODtl_ 22ST-D 

Figure 8.    Two-dimensional  model  used with the smoke streams  (Continued] 
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,      .,   *hc  ^l       .Vcracc  flow sneed:   direction,   and density may be 
entered   Jic  moc...l. . time 

calcuiated fron» the smoke  displacement  and the knou.,       .. 

separation  and  conditions  of ambient  density. 

•     ,        ., , ,.,ip   ,,SpJ   for the  experiment has 
The pressure  transducer  nistru^nuu..:.,,  is.,- 

,       Tt  consisted  of ceramic pressure tians- 
been described in  Reference  o.     It  consists. Powoid 

ducers    charge  amplifiers,   and Tektronix oscilloscopes wxth PoUroxd 
üueers,   L-iia i shows  the 
cameras which  recorded the pressure-time       ao u ^ 

transducer spacing end meeting system the. aas   ue  d   ■» 

„umbering  is   foilowed in Table  A-I  of Appeal, A end in Append,* C. 

A singIe  shot   (go.   IS! of Table A-HI,   Appendix A)   iHustrates  the 

path given to a nylon ball   caught  In the  flow after the shocb uave has 

"passe    the ball.     An entrance of 1  in.  width ,as used  for thas  shot, 

^results  are given as  distance time, plot,  in the   Result Section. 

r       Field Model ,  ,      ., 
£i-^TS-nff.,  n shotoh  of the  fieid mode!   which aas exposed    o the 

Mast  f om 100 tons  of TRT during Shot 6 of the Canadian Pistant Plain 
Dlasc  iium plvuood reinforced 
series  in duly  1967.     The model was made o. 2   in. P 

with angle   iron.     Phe entrance was  0.7 x  1.4  ft  corresponding to t e 

vol.. to area ratio of the 4 in.   cube of Mode! V!.     (See Table  I.) 

A peak overpressure of approximately 5 psi was  expected for the 

Mast wave at the models position on the blast  Una.     Gage positions are 

L in figure , whore pressure records were obtained.     An 

position,  not shown, »as tahen fro. the biast   Una 

an undisturbed input wave.    The general instru,»entataon used for the 

entire Distant  Plain series,   including this model.,  may be  found m 

Reference  4. 

The pressure-time traces for Mode! XV are presented in the Result 

Section of this report. 
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III.  RHSULTS 

The results r f the experiment are discussed in an order corresponding 

to the previous rr.rerimental parts. 

A.  Three-Dirnensi :nal Models 

The tabulate;" results for the three-dimensional models are shown by 

model number in T/.ble B-I, Appendix 13.  The various models and shots have 

been grouped for -/lotting according to the parameter the filling process 

is dependent upe:\. 

Figures 10 r.r..l 11 show comparison plots of filling as a function of 

model orientation to the shock wave, and as a function of type of filling 

for Models II, I',", and VI. Nominal 10 and 20 psi side-on input waves 

are shown as applied to the models with volume to area (V/A) ratio of 

27.2 ft.  One car. see a closer grouping of fill curves for P - 10 psi 

than for 20 psi, ':• ut the stagnation block filling outside of the test 

section correspor. is roughly to the front fill inside the test section. 

Again the si de-or. filling for the model outside of the test section is 

similar to the rc-.:.r-on filling for the model inside the shock tube. The 

side-on filling £;r the model in the shock tube is the lowest value of 

all orientations, or types of filling. 

Figure 12 cc_pares the filling curves for different values of V/A. 

Models III, V, VI, and VII are compared for ratios of V/A = 1.65 ft to 

435 ft.  The maxir.um pressure to which the models filled varied from 

14 psi at 1.5 rase: for the smallest V/A to about 1.3 psi at 56 msec for 

the largest V/A tested. 

Figure 13 sh;:s the filling of Model VI as a function of input 

side-on overpressure. Notice that the fa.il time to maximum pressure 

becomes greater as the input pressure increases, from 13.7 msec to 17.2 

msec.  Also, the ~.tximum. fill pressure is not quite the value of the 

input record; but v.he fill pressure would become greater if the input 

flat duration were longer. Notice, however, the overshoot of the filling 

pressure with respect to the side-on input record, but it is less than 

the stagnation overpressure corresponding to the input pressures.  See 
e 
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Figure 10.    Comparison of filling as a function of orientation to 
shock wave,  P    = 9*8 psi 
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Figure 11.    Comparison of filling as a function of orientation to 
shock wave.  P    = 20.5 psi 
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Figure 12.    Comparison of filling as a function of model volume to 
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28 

(A)  SPOT vi-A, PJ-S.S PSI 

(B) SHOT 72,  Ps=S.9 PSI 
(C) SHOT 73,  Ps = 20.0 PSI 

TIME, MILLISECONDS 

Figure 13.    Comparison of filling as a function of input pressure 
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Figi re 7 for typical Stagnation records.  The records plotted have a]] 

been smoothed for these comparisons and do not show the stepwise filling 

process that is present in the oscilloscope records, Appendix B. 

Reference 1 points out that stepwise fill in;-; is necessary to the mathe- 

matics model used in the computer predictions. 

Figures 14-16 show filling results for input pressures 5.5-20 psi 

for Models VI, XI, XIII, and X.  A single entrance, or two entrances of 

total area equal to the single entrance, behaved very much the same way 

in filling.  The front and rear entrances caused a filling with a some- 

what less maximum pressure at a greater fill time than did the front 

filling.  There was also something of a greater fill rate during the first 

few milliseconds of filling for the lowest input pressure.  The major 

difference in filling was apparent for the shielded model.  Only about 

one-half the input pressure was reached for the 20 psi input; however, 

the fill time to the maximum remained about the same. 

Figures 17-23 show comparisons between the two rooms and orienta- 

tions for Model VII.  The fill curves presented in Figures 17 and 18 

for both rooms are quite similar, although shown in Figure 21 the 

second room fills to a little higher pressure (12 percent) than the first 

room at the 20 psi input pressure.  Figures 19 and 20 show the comparison 

for the 20 psi input pressure.  There is little difference for the 10 

psi input pressure.  Again as in the single room, Model VI, the front- 

fill shown in Figure 21 gave the highest maximum pressure, rear-fill 

shown in Figure 22 was next, and side fill shown in Figure 25 was least. 

Figures 24 and 25 show results from Model VII for the two room entrances 

in-line, off-set (one at top and one at bottom, but on the same line), 

and a single room with the partition va ! i removed.  The off-set 

entrances appear to cause the largest fill pressure and not much 

difference for in-line entrances compared with the single room. 

Figures 26 and 27 show traces which compare the pressure loading 

as measured at the center of the external faces of Model VIII and the 

loading with a shield, Model X. The comparison shown is for an input 

pressure of 5.4 psi.  Similar traces were- observed for the 10 and 20 psi 
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(A)    SHOT 71-A, 3"K.65" ENTRANCE 

MODEL "iü 
(D)     SÜÜT CO, TWO AsaP" ENTRANCES 

MODEL ;I 
(C ) SHOT 97, .3"}s .3Eu" ENTRANCES 

FHONT Q HEAR MODEL XOl 
( D}    S H OT ö 4 - A , \71T H 4.ö"x 4.5"x 8.7b" 

SHIELD UPSTREAM  4.5" FROM MODEL- 
MODEL Tl   (MODEL, X) 

TIME, MILLISECONDS 

Figure 14.    Comparison of filling as a function of entrance type. 
P    = 5.5 psi 
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(A)    SHOT 72, 3"x.65" ENTRANCE 
MODEL "SI 

(D)     SHOT 78, TWO .3":t.325' ENTRANCES 
MODEL SI 

(C)    SHOT 98, .3"x.325" ENTRANCES 
FRONT S REAR   MODEL SIB 

(D )    SH OT 57, WITH 4.5'V, 4.5'V 8.75"SHIELD 
UPSTREAM 4.5" FROM  MODEL~ 
MODEL 3D. (MODELS) 

'1 

TIME, MILLISECONDS 

Figure 15.    Comparison of filling as a function of entrance type, 
P    = 10.8 psi 
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(A)    SWOT 3ü,.3";; .Go" ENTRANCE 
MODEL YL 

(D)    SHOT 7S, T\VO.S";;,325" ENTHANCES 
MODEL :a 

(C) SHOT 9S,.3"){.325" ENTRANCES 
FRONT Ci REAR   MODEL .".321 

(D) SHOT 60, WITH 4.o"x 4.ö":; G.7ö"SHIELD 
UPSTREAM 4.D" FROM MODEL- 
MODEL '£1 (MODEL mjL ) 

TIMt- , MILLISECONDS 

Figure  16.    Comparison of filling as a function of entrance type, 
Ps - 20 psi 
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(A)      SHOT 45-B-FILLED FROM FF.OMT 
(3)      SHOT 4S-A- FILLED ?RO^ SID- 

SHOT 47- Fl LLED FROM REAR 

TIME .MILLISECONDS 

Figure 19. Comparison of entrance orientation for two-room model- 
gage in first room, Pg = 20.o psi 
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(A) 
(B) 
(C) 

I 

MODEL "rax-SECOND ROOM 

SHOT 45-D-FILLED f-TiOU F-'RONT 
SHOT 4G-A-FILLED FRO"/. SIDE 
SHOT 47- FILLED PROW REAR 

TIME , MILLISECONDS 

Figure 20.    Comparison of entrance orientation for two room modal 
gage in second room, P  '= 20.5 psi 

44 



(A) SJ-S0T42-FILLED FRO;." FfiOMT 
(B) SHOT 45-E-FILLED FROM FRONT 

Figure 21 

TIME,Lill..LIKL;Cü;:D3 

-a-, of front fining for each room of tv,<o-room 
model, P    = 10.4 and 20.5 psi 
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Figure 22.    Comparison of rear filling for each room of two-room 
model, P    = 10.9 and 20.6 psi s 
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Figure 23.     Comparison of side filling for each room of two-room 
model, Ps = 10.5 and 20.7 psi 
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inputs.  Sec Appendix B.  The unsMeided model record shows an initial 

reflected pressure peak for the front face, oscillations, and an average 

semi-steady value near stagnation pressure.  The rear, top, and sides 

all have similar pressure records with initial peaks above the side-on 

input pressure and a semi-steady value below the input. 

The shield (Model X) caused the full reflected pressure peak on 

the front face to decrease but introduced additional oscillations in the 

pressure records from the other faces.  Also, the semi-steady pressures 

were all somewhat above the values for the unshielded case. 

The last in this three-dimensional model series to be discussed is 

Model XII.  A group of ground position pressure readings were obtained up- 

stream of a solid model, and models with entrances.  The purpose of the 

transducer array (Refer back to Figure 6) was hopefully to define the area 

of stagnation pressure influence,  nie peak values of upstream reflected 

pressure and average pressure value (stagnation) are given. The reflected 

pressure varied depending upon whether an opening was present or not, but 

the average stagnation pressure seemed to be about the same over the entire 

array of transducer positions. See Appendix B for the pressure time records. 

B.  Two-Dirnensional Models 

Tables A-I and C-I, Appendices A and C, show the results from the 

filling of two-dimensional models with a step shock wave.  Appendices A 

and C show the high speed photographs of the shock diffraction and flow 

process involved in the filling process, and the pressure time records 

from the models. 

Figures A-13 of Appendix A will be used to point out the processes 

involved. 

The shock wave approached Model XIV-D from the left, entered the 

1 in. entrance, and expanded into the model with a cylinder shaped 

expansion.  Vortices at the entrance were set. up during this time. 

The shock front reflected from side walls, crossed the length of the 

model, reflected at the rear wall, and started the return crossing with 

Mach reflections at the side walls.  By Frame 15, multiple shock inter- 

actions have occurred and turbulent jet flow appears to have occurred. 
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The nylon ball, upper left at entrance, has barely begun to move at 

this time.  The motion in later frames may be followed by comparing the 

ball with the black grid lines marked in both directions on the photo- 

graphs. 

Figures 28 and 29 show distance-time plots of the center of the ball 

as it,moved during the times shown in Figure A-13.  Initially, the ball 

oscillates a little before getting started at about 300 usec.  After 

about 700 ysec, a steady average horizontal velocity of about 30 ft/sec 

is reached and a vertical rise of about 7 ft/sec after 200 ysec.  (True 

vertical direction is toward bottom of photographs in order to retain 

proper frame-time sequence.) 

The remainder of the shots of Model XIV with smoke grids were read 

and quantities of average velocity flow vectors, densities, and dynamic 

pressure were calculated by machine.  The tabulated results and repre- 

sentative plots of velocities as a function of times are shown in 

Appendix D.  It is seen from the tabulated results that velocities were 

measured from minimum values of a few feet per second to several hundred 

feet per second maximum, depending both on position within the model and 

time of measurement. 

Table C-I gives the diffracted values of initially transmitted shock 

overpressure into the models.  Note that a minimum of about 0.6 psi 

pressure and a maximum of about 1.6 psi were recorded for the 1/8 in. 

entrance of Model XIV-A.  Values of pressure ranged from these to a 

minimum of about 1.3 psi, to a maximum of about 5.8 psi, for the double 

entrance of Model XIV-F.  The double slit caused a Mach interaction 

between the two incoming diffracted shock fronts to.create higher 

pressures than for the single 2 in. entrance. 

C.  Field Mode] 

The  pressure-time  traces  from the  gages mounted  in  the  field model 

(Model  XV)   are  shown  in  Figures   30  and   31.     The  first  figure,   Figure   50, 

shows  tracings  of the input pressure as  recorded by an electronic gage 

(Reference 4)   (Trace A)  in front of the model,   (Refer back to Figure 9.) 
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and the tilling record from an electronic gage in the center of the 

interior bottom floor of the model (Trace B). Notice again, the perl 

step-wise type of filling which may be seen on the traces from the v.. 

dimensional models, given in Appendix C. 

Figure 31 shows machine smoothed traces from self-recording piv-,- 

capsule gages (Reference 4). Trace A is of the undisturbed input bl:: • 

wave and Trace B is the filling record for the interior of the model. 

Trace B shows filling to about 4.5 psi at 15.5 msec which is nearly c, . 

to the initial input side-on overpressure. 

The results of the field model seem to correspond to the filling 

mode as seen in the smaller model study in the shock tubes.  See 

Figure 32 for a comparison of the filling of a 4 in. cube (Model VI) r. 

the shock tube with the 3 ft cube (Model XV) used for the field shot. 

The smoothing of the filling curve from the shock tube model has obscur 

the incremental filling process which is seen in the filling of the fu : 

model.  This may be seen a little better in Figure 30 where the filliiv. 

trace has been expanded in time.  Overfilling with respect to the input 

wave is present for both models.  The field model shows a large initial 

pre-filling at about 5 msec which was not obvious with the smaller shoe: 

tube model. 

IV.  SUMMARY AND CONCLUSIONS 

Several two- and three-dimensional models of single and double 

rooms were tested under input shock waves of 5-20 psi peak overpressure 

in the BRL shock tubes.  A larger model was exposed to the blast wave 

from the detonation of 100 tons of TNT.  Model orientation to the shoe!: 

waves; entrance sizes, shape, or number; input pressure; and number oi 

rooms were varied to determine parameter importance in the shock wave 

filling process of the models. 

From a study of photographs and pressure-time traces the following 

conclusions arc valid for the 5-20 psi overpressure range tested. 
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k.    Throe-Dimensional Models 

1. For a constant volume to entrance area ratio (V/A), filling 

through an entrance in a stagnation block corresponds approximately to 

filling the model through a front entrance for a model exposed head-on 

to the shock wave. 

2. Side-on filling, such as the shock wave does when passing 

side on past a short tunnel entrance leading to a model outside the 

shock tube, corresponds approximately to filling from a rear entrance, 

for a model of same V/A filled inside the shock tube. 

3. Filling from the side entrance for an exposed model gives 

the lowest maximum fill pressure and lowest rate of fill compared to 

front or rear filling for a given input wave. 

4. For increasing values of V/A, the time to maximum filling 

increases.  Note, however, that if the input wave has a long duration 

compared to the model fill time, the model will eventually overfill to 

a value greater than the outside pressure existing at that particular 

time. 

5. The fill time to maximum pressure became longer as the 

input shock overpressure was increased, from 13.7- msec for P = 5.3 psi 

to 17.2 msec for P = 19.6 psi.  Also, the model filled to a pressure 

greater than the pressure outside during the decaying phase of the input 

shock wave; for example, overfilling occurs from a time of about 12 msec 

to the end of the recording time for the 10 psi input wave. 

6. The filling from two front entrances is similar to that 

from one entrance for the same V/A for the model and a single entrance 

in both front and rear caused a longer fill time to maximum pressure. 

7. The fill curves for each room of a two-room model were very 

similar, although the second room filled to about 12 percent higher than 

the first room for Pg = 20 psi.  In-line entrances acted about the same 

as if the partition between the rooms were removed. 

8. The shielded model filled to a lower pressure than the 

unshielded model. 
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9.     The external   center face  loading,   for the  single  cube 

;..-:   without entrances,   showed on the  front  surface  a reflected pressure, 

.•illations,   and an  average  semi-steady pressure equal  to about  the 

.;.;r.:ition value measured by the pitot  tube transducer for a given   input 

.v.    The rear,   top,   and side  faces  showed initial.pressures  above the 

ic-on input  value  and an  average  semi-steady value below the input 

ssure. 

10. The effects  of the shield upon the exterior loading were 

lower the reflected pressure  spike on the  front  surface,   cause 

iitional pressure oscillations,   and to raise the value of the  semi- 

:uly pressure on all  the  faces  of the model. 

11. A uniform stagnation pressure  field corresponding to the 

ut. pressure was  found to exist to 3 in.   in  front  of a 4.5  in.   high 

ic model.     (Model  XII,   Table  B-I). 

Two-Dimensional Models 

1. The shock  filling process  consisted of the shock wave 

traction into the model  through the entrance,   vortices which were  set 

at  entrance,  multiple  reflections which occurred from all  the  interior 

Is,   and a jet which seemed to be established from the entrance  into 

::;odel. 

2. Particle  velocity  vectors  were   calculated with  magnitudes 

"•■■> several  hundred  feet per second within  the  model.     Others  of 

'/;"g magnitudes   and directions were  computed. 

3. One-eighth  incli  diameter nylon balls  obtained horizontal 

'■•'•s of about  30  ft/sec and vertical  speeds  of about.  7  ft/sec  for input 

'■•   pressures  of approximately 5 psi. 

4. Transmitted shock  front  pressures  increased with  entrance 

'-•     Values were measured from less  than   1 psi  to 5.8 psi  on the 

-11   of Model  XIV. 
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C.  Field Model 

1. Multiple reflections were seen corresponding to the results 

from the shock tube models. 

2. A periodic type of filling was observed as in the smaller 

models. 

3. The initial transmitted (diffracted) shock wave, measured 

at the center of the model, retained the outside peak pressure because 

of the large area of the entrance.  For entrance sizes of 1 in. and 

greater, shock tube Model XIV also transmitted diffracted pressures 

equal to the input overpressure. 

4. The model filled similarly to the smaller model of the same 

V/A, with respect to pressure and fill time, after a crossing time 

correction was made. 
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